This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS ; 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



1 

Japanese Patent Application Unexamined Publication No. 49-42600 
Publication Date: April 22, 1974 
Japanese Patent Application No. 47-86427 
Filing Date: August 29, 1972 



Application 

1. TITLE OF THE INVENTION 

METHOD FOR PRODUCING TUNGSTEN CARBIDE POWDER 

2 . INVENTORS 

Akio HARA et al. 

3. PATENT APPLICANT 

Sumitomo Electric Industries, Ltd. 

4. REPRESENTATIVE 

Attorney, Hidemi AOKI 

5. LIST OF ATTACHED DOCUMENTS 

Specification one copy 

Drawings one copy 

Power of Attorney one copy 

Duplicate of petition one copy 

SPECIFICATION 

1. TITLE OF THE INVENTION 

METHOD FOR PRODUCING TUNGSTEN CARBIDE POWDER 

2 . CLAIMS 

A method for producing a tungsten carbide powder, which 



comprises mixing a carbon powder in an amount of 3 to 4 equivalents 
based on the WO3 content in ammonium paratungstate (5 (NH 4 ) 2 0* 12W0 3 

• 5H 2 0) or tungstic acid (H 2 W0 4 ) , heating the mixture to a 
temperature of 800 °C or lower in an inert gas atmosphere such as 
N 2 , Ar gas or the like or in vacuum, then heating it to a temperature 
of 1000°C or higher in the atmosphere described above so as to 
control the oxygen concentration to 0.5% or less, and further 
heating it to a temperature of 1400 to 2000 °C in H 2 atmosphere. 
3. DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to a method for producing WC 
under a stable condition directly from ammonium paratungstate or 
from tungstic acid. 

With the method of producing WC powder that is currently 
employed commonly in the industry, W0 3 obtained by heating 
tungstic acid (H 2 W0 4 ) or ammonium paratungstate crystal (5(NH 4 ) 2 0 

• 12W0 3 - 5H 2 0) is reduced in H 2 atmosphere, or either tungstic acid 
crystal or ammonium paratungstate crystal is reduced directly in 
H 2 atmosphere so as to obtain a metal W powder to which carbon 
is added and heated to a temperature of 1400 to 2000°C so as to 
undergo carbonizing reaction and produce WC powder. 

The method of producing WC directly from ammonium 
paratungstate or tungstic acid, in contrast, can not only shorten 
the process but also do away with intermediate processes such as 
mixing and continuously produce WC, thus offering many advantages 
including the capability of preventing the purity from 
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decreasing . 

The reason why it has not been possible in the prior art 
to produce WC directly from ammonium paratungstate or tungsten 
oxide is that it has been difficult to control the carbon content 
and WC powder that is obtained has incomplete crystallinity and 
uneven particle size distribution that make the WC powder not 
suitable as the material to make cemented carbide. 

The present inventors have made a basic research to provide 
an industrial method that solves the problems described above. 

At temperatures not higher than 500 °C, ammonium 
paratungstate reacts as shown in the scheme (D and tungstic acid 
reacts as shown in the scheme (2). 

T T 

5 (NH 4 ) 2 0 12W0 3 - 5H 2 0+C — > 12WO 3 +5NH 3 +10H 2 O+C 
(at < 500°C) (1) 

T 

H 2 W0 4 + C -> H 2 0 + WO3 + C 

(at < 600°C) (2) 

At temperatures higher than that described above, it is 
considered that reaction between W0 3 and C becomes dominant. 
Therefore, the present inventors have made a basic research on 
the reaction of W0 3 H-C, and closely investigated the causes of 
variation in the carbon content and abnormal particles to occur. 

Now the reaction in which WC is generated directly from W0 3 



will be described below. 

It is common to mix W0 3 and carbon powder and cause the 
mixture to react in a stream of hydrogen in a Tamman furnace. It 
is generally believed that this reaction proceeds as shown in the 
scheme: W0 3 + 3C + H 2 -> WC + 3C0 + H 2 0 •••(3). However, it was found 
from the research conducted by the present inventors, that this 
reaction can be divided into the following four reactions: 
W0 3 + H 2 -* W0 2 + H 2 0 (< 700°C) — ®-a 

W0 2 + 2H 2 -> W + 2H 2 0 (700-1000°C) —®-b 

2H 2 0 + 2C -> 2C0 + 2H 2 (> 1100°C) " — ®-c 

W + C -» WC (1000-1400°C) —®-d 

The reaction (®-c) is the so-called aqueous reaction, and 
it is a known fact that this reaction is sensitive to and is 
influenced by the temperature, a flow rate of H 2 and other factors. 
It was also found that this reaction makes it difficult to control 
the carbon content. Fig. 1 shows the change in carbon content 
during the reaction of W0 3 and 3C. This shows an example of a 
case where the powder layer is 50 mm thick and H 2 is supplied in 
a small quantity. This graph shows that carbon content does not 
change and stable production of W is observed also with X ray till 
the temperature reaches 1000 °C. As the temperature becomes 
higher, reaction (®-c) is initiated and the carbon content 
decreases . 

As local distribution of the reactions is shown in Fig. 2, 
sufficient quantity of H 2 is supplied and H 2 0 produced in the 
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reaction is satisfactorily dispersed in the portion near the 
surface, and consequently the reaction (®-c) hardly occurs . The 
reaction in such a case proceeds as shown in the scheme (4). 
W0 3 + 3H 2 + C -> WC + 3H 2 0 — © 

As a result, in principle, WC including stable carbon 
content is produced when such a process is implemented as a small 
powder is caused to fully react with H 2 such that the reaction 
(®-c) does not occur. To apply this process to industrial 
production, it is desirable to control the thickness of the powder 
layer to remain small and supply a sufficient flow of H 2 gas so 
as to keep sufficient dispersion of the produced gas. On the 
industrial scale of the reaction, on the other hand, it is 
necessary to have a large quantity of material to react in a short 
period of time. Thus such problems newly arise as the reaction 
(®-c) becomes dominant and/or water generated in the reaction 
reacts with the heat generating object thereby leading to 
shortened life time of the furnace. On the other hand, it has 
been known to have metal powder react with C in vacuum or an inert 
gas atmosphere without using H 2 gas. However, there have been 
such problems such as 1700 °C or higher temperature is required 
for complete production of WC with such a method, and particles 
have pores or abnormal crystal formed inside thereof, though the 
amount of carbon bonded in the produced WC is near the theoretical 
value . 

In consideration of such problems, the present inventors 



paid attention to the fact that the generation of H 2 0 that causes 
the problems described above does not occur when W0 3 is reduced 
by carbon only, without using H 2 . If H 2 is not involved in the 
carbonizing reaction, however, it is difficult to obtain normal 
WC that has bonded carbon content near the theoretical value. 
Accordingly, the present inventors reduced the material in an 
inert gas atmosphere and then carbonized the metal in H 2 gas stream, 
thus succeeding in the production of normal WC. This process is 
represented by the following schemes. 
W0 3 + 4 C — > WC + 3C0 •••© 
W0 3 + 3 C -> W + 3C0 "-(©-a) in N 2 

W + C -> WC (©-b) in H 2 

In other words, the process comprises the first step of reduction 
of the scheme (©-a) that proceeds at a temperature from 1000 to 
1600°C, and the second step of carbonizing reaction represented 
by the scheme (®-b) that proceeds at a temperature from 1400 to 
2000 °C in H 2 atmosphere. 

It was found that the problem related to the reaction of 
W0 3 and C can be easily solved by controlling the carbon content, 
particle size and particle size distribution by the method 
described above. 

Furthermore, through a trial production of WC directly from 
W0 3 on the industrial basis, it was found that the W0 3 +4C mixture 
included near 2% of water content. 

Fig. 3 shows the dehydration process. In Fig. 3, the graph 



(D shows the amount of water (weight percentage) removed from the 
WO3+C mixture in 15 minutes at each temperature when heated in 
N2 stream. The graph shows that dehydration of WO3+4C occurs at 
a low temperature of 100 °C and at a high temperature of 300 °C or 
higher. The water content cannot be removed from the W0 3 +4C 
mixture by heating at 150°C ((2) in Fig. 3) . It was found that 
water content that is removed at high temperatures can be 
completely removed by heating at 600°C ((3) in Fig. 3) . Even when 
the first step of the carbonizing reaction is carried out in N 2 
atmosphere so that H 2 0 will not be generated, water contained in 
the W0 3 +4C mixture is released in the furnace thereby having 
significant influence on the carbon content and particle size 
distribution in the carbide when a large quantity of metal is 
carbonized on the industrial basis. Such water remaining in the 
furnace may cause damage on the furnace. 

It is very difficult to completely remove water content from 
the raw material of WO3 and carbon powder so as to eliminate the 
possibility of adsorption of water when mixing the powders in a 
process of industrial scale production. 

Therefore, when WC is produced directly from a large 
quantity of W0 3 , it is necessary to carry out dehydration in N 2 
atmosphere at a temperature of 800°C or lower, before the first 
stage of reduction in N 2 atmosphere at a temperature from 1000 
to 1600°C. 

Through investigation on the process of direct 
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carbonization of WO3 on the industrial basis described above, it 
was found that the process becomes exactly the same as that of 
a case where W0 3 is used as the raw material represented by the 

scheme CD and the scheme (D since heating at a temperature of 600 °C 
or lower is necessary regardless of whether the starting material 

is ammonium paratungstate ( 5 (NH 4 ) 2 0 12W0 3 - 5H 2 0) or tungstic acid 
(H 2 W0 4 ), as long as the process of dehydration is required. 

That is, WC can be produced based on similar concept to that 
of direct carbonization of WO3, by carefully mixing ammonium 
paratungstate or tungstic acid crystal and a predetermined 
quantity of carbon powder, heating the mixture to a temperature 
of 800 °C or lower to dehydrate in N 2 atmosphere, carrying out the 
first stage of carbonization in H 2 atmosphere at a temperature 
of 1000°C or higher and carrying out the second stage of 
carbonization in H 2 atmosphere at a temperature from 1400 to 
2000°C. 

In this case, the WC powder having a carbon content near 
the theoretical value can be obtained through the reactions 
represented by the schemes (©-a) and (®-b) , by mixing 4 
equivalents of a carbon powder to the WO3 that remains after the 
heat treatment at 800°C or lower. 

According to the present invention, raising the temperature 
to higher than 800°C in the first stage causes the removed water 
and carbon to react thus leading to variation in the quantity of 
carbon. When the secondary carbonizing reaction that is the 
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second stage of reduction is carried out in inert atmosphere at 
a temperature not higher than 1000°C, the reaction of the scheme 
(®-a) does not proceed satisfactorily with 0 2 left remaining 
after the secondary carbonizing reaction. 0 2 reacts with H 2 in 
the secondary carbonizing reaction to produce H 2 0 thus causing 
variation in the quantity of carbon. 

When the secondary carbonizing reaction is carried out at 
a temperature higher than 1600°C, crystal grains start to grow 
before complete WC is generated, resulting in the production of 
WC having abnormal crystal. 

When the tertiary carbonization that is the third stage of 
carbonizing reaction is carried out in inert atmosphere at a 
temperature of 1400 °C or lower, bonded carbon content does not 
reach the value dictated by stoichiometry . At temperatures of 
2000°C and higher, WC that has been produced decomposes so as to 
produce W 2 C again, which is useless as the material to produce 
cemented carbide. 

The present invention is intended to produce WC on the 
industrial basis, and is characterized by the three-stage 
carbonizing process that realizes a commercially practical 
process in a field where production process of industrial scale 
could not be provided because of direct reaction of the material 
was caused to proceed in H 2 atmosphere or in vacuum in the prior 
art. Specifically, it is preferable to control the production 
process so that the material to be reacted makes sufficient 
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contact with the gas in order to satisfactorily disperse the gas 
generated in the reaction and supply carbon in the form of CH 4 
gas in the tertiary carbonizing reaction. Therefore,, a complete 
WC powder that can be used in the industry is obtained by having 
the reaction proceed in a reaction furnace that stirs the powder 
during reaction or in a rotary carbonizing furnace wherein the 
metal is carbonized while rotating. 

Since it is the prerequisite of the present invention to 
carry out the reaction in three stages, a rotary carbonizing 
furnace described in Japanese Patent Application No. Sho 46-71233 
is configured in three stages wherein the first stage is set at 
a temperature from 400 to 800°C in N 2 atmosphere, the second stage 
is set at a temperature from 1000 to 1600°C in N 2 atmosphere, and 
the third stage is set at a temperature from 1600 to 2000°C in 
H 2 atmosphere with the material supplied from the top of the 
furnace to flow continuously, which makes it possible to easily 
produce WC. 
Example 1 

0.33 Equivalents of a carbon powder was added to 5(NH 4 ) 2 0 

• 12W0 3 * 5H 2 0 crystal of 200 \x , and was sufficiently mixed in a ball 
mill for 10 hours. Water was added to the mixture and, after 
sufficiently kneading the mixture with a kneader, the material 
was extruded from an extruding machine to form granulated powder 
measuring about 2 mm in diameter and 2 mm in length. 

The granulated powder was caused to react in a three-stage 
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rotary carbonizing furnace. Material was charged continuously 
to the furnace where the first stage was set at a temperature of 
600°C in N 2 atmosphere, the second stage was set at a temperature 
of 1400 °C in N 2 atmosphere and the third stage was set at a 
temperature of 1800°C in H 2 atmosphere. NH 3 and H 2 0 generated in 
the first stage were passed together with N 2 gas through a water 
tank so as to be recovered as NH 4 OH. 

The carbide thus obtained was 2 ^ in size and WC was normal 
crystal, and was sufficiently applicable to practical use as the 
material to produce cemented carbide with total carbon content 
of 6.23% and free carbon content of 0.10%. This was mixed with 
10% of a Cu powder and the mixture was sintered at 1400°C for one 
hour to obtain an alloy. This showed exactly the same 
characteristics as the WC obtained by a carbonizing metal W 
powder . 

Comparative Example 1 

0 . 4 Equivalents of carbon powder was added to 5 (NH 4 ) 2 0- 12W0 3 

• 5H 2 0 crystal of 200 , and was sufficiently mixed in a ball mill . 
Then the mixture was encased in a carbon case and put into a Tamman 
furnace so as to react in H 2 stream at 1800°C. This resulted in 
abnormal WC that was coagulated including T.C 1.43 and F.C 0.00. 
Comparative Example 2 

0 . 7 Equivalents of carbon powder was added to 5 (NH 4 ) 2 0 12W0 3 

• 5H 2 0 and the mixture was caused to react under the conditions 
described above, resulting incomplete WC with T.C 7.30 and F.C 



5.31. 
Example 2 

0.35 Equivalents of carbon powder was added to 5(NH 4 ) 2 0* 
12W0 3 * 5H 2 0 crystal of 100 jjl , and was mixed in a ball mill. Water 
was added to the mixture that was then kneaded for about two hours. 
The material was extruded from an extruding machine to form a 
granulated powder. 

The granulated powder was subjected to reduced pressure 
drying at 600°C in a vacuum drier for three hours and was caused 
to react in a rotary carbonizing furnace of two-stage construction 
where the first stage was set at a temperature of 1300 °C in N 2 
atmosphere and the second stage was set at a temperature of 1600 °C 
in H 2 atmosphere. The carbide thus obtained had a particle size 
of 1 // and showed T.C 6.27% and F.C 0.17%. This carbide had a 
very uniform particle size distribution and was sufficiently 
applicable to practical use as the material WC for cemented 
carbide . 
Example 3 

3 Equivalents of carbon powder was added to a H 2 W0 4 powder 
and was sufficiently mixed by using a ball mill. Water was added 
to the mixture and, after kneading the mixture, the material was 
extruded from an extruding machine to form a granulated powder. 

The H 2 W0 4 +C mixture was heated at 700 °C in N 2 gas stream and 
was then subjected to first carbonization at 1200°C in N 2 stream 
and the second carbonization at 1800°C in H 2 stream in the rotary 



carbonizing furnace. 

The carbide thus obtained had a particle size of 2 \i and 
showed T.C 6.28% and F.C 0.14%. This carbide was mixed with 7% 
of a Co powder and was processed in an acetone solution using a 
ball mill for 100 hours. After drying, the mixed powder was 
press-molded at 1425°C for one hour. 



The alloy thus obtained had characteristics as follows. 



Physical 
properties 


Specific 
gravity 


Hardness 
(HR A ) 


Breakage 
strength 


Value 


14 . 90 


91.3 


230 kg/mm 2 



The alloy also had very homogeneous structure, and the WC powder 
was sufficiently applicable to practical use as the material for 
cemented carbide. 

All of the examples described above used a mixture of 
ammonium paratungstate or tungstic acid and carbon powder as the 
starting material. However, required quantity of carbide can be 
produced by mixing a required quantity of carbon powder even when 
ammonium paratungstate and tungstic acid coexist, or oxide of 
tantalum, molybdenum or the like or a material that can produce 
such an oxide is mixed. In other words, the present invention 
can be embodied by making modifications such as adding other 
additives to an extent that does not compromise the object and 
effects of the present invention. 
4. BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig. 1 is a graph showing the changes in carbon content when 
W0 3 +3C is reacted in H 2 , Fig. 2 shows a model of W0 3 +C reaction, 
and Fig. 3 shows the amount of H 2 0 (weight percentage) removed 
from the W0 3 +4C mixture in 15 minutes when heated at each 
temperature . 
<Fig. 1> 

Carbonizing temperature and change in carbon content 
Change in carbon content 
Process temperature 
<Fig. 2> 

W0 3 -3C reaction model 
Carbon boat 
<Fig. 3> 

Dehydration process of W0 3 +C mixture 
Quantity of water generated 
Heating temperature 
Dehydrated at 150°C 
Dehydrated at 600 °C 
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RIASSUNTO 

L'impiego del Carburo di Tungsteno e degli altri carburi 
ha avuto in questo ultimo decennio un incremento note- 
vole sia nel campo degli utensili che nel campo delle al- 
te temperature. Le prestazioni che i componenti in car- 
buro di Tungsteno forniscono trattandosi di materiale 
smterizzato, dipendono principalmente dalle loro carat- 
teristiche strutturali e in ultima analisi dalla qualita del- 
le polveri di partenza {omogeinita, granulometria ecc). 
La relazione ha lo scopo di riportare il lavoro svolto per 
uno studio appUcativo di processi di preparazione di 
polveri ultrafini per la sintesi del Carburo di Tungsteno. 
In particolare I'attivita svolta si e articolata nelle su- 
guenti fasi: 

Preparazione di polveri ultrafini di anidride 
tungstica/grafite per liofilizzazione o atornizzazione del- 
la miscela Metatungstato di ammionio/grafite colloida- 

- Sintesi del Carburo di Tungsteno per riduzione carbo- 
termica della miscela preparata. 

- Caratterizzazione prodotto finale. 



SUMMARY 

During these last years the use of Tungsten Carbide and 
other carbides has been encreased both in tools application 
and in the field of high temperatures. 
The performance of sintered Tungsten Carbide components, 
derives principally from their structural characteristics and 
as consequence from the starting powders quality. 
The purpose of this work regards the study of preparing pro- 
cess ofultrafine powders for Tungsten Carbide synthesis. 
The phases of the experimental work have been the follo- 
wing: 

- Preparation of ultra fine powders of Tungsten 
oxide/graphite through freeze-drying or spray-drying of col- 
loidal mixture of ammonium of meta-tungstatel graphite. 

- Syinthesis of tungsten carbide through carbothermical re- 
duction of the mixture. 

- Final product characterization. 



JNTRODUZIONE 

praportanza del Carburo di Tungsteno nella moderna 
^nologta non ha bisogno di presentazioni. Ricordiamo 
fMo. m generate, che esso e il principale costituente del- 
* legne dure refrattarie sinterizzate. 
Vkeste Ieghe, scoperte nel 1923 e messe in commercio a 
gtae dal 1930 dalle Officine Krupp, sono ine- 
B^giiabui per moltephci usi taglio - lavoro al tornio e la- 
waaone a macchina dei materiah piu duri (acciai, ghise 
^^porcellane, vetro, plastiche); industria rnineraria : 
^*versi per lavori di grande fatica. La loro estrema 
^zza urnita 1'usura degli utensili e dei pezzi, il che assi- 
11133 ^egolarita di calibraggio, irrealizzabile con 1'ac- 



ciaio da taglio rapido (1). 

L'impiego del Carburo di Tungsteno e degli altri carburi, 
ha avuto in quest 'ultimo decennio un incremento notevo^ 
le, in quanto lo sviluppo tecnologico ha richiesto, e quin- 
di permesso di sfruttare non solo le loro proprieta di du- 
rezza e di resistenza ad usura, ma anche la loro resist enza 
nel campo delle alte temperature. 

L'ampliamento quindi del campo di applicazione di que- 
sti materiali ha portato ad un notevole incremento degli 
studi sulla loro fabbricazione, con l'applicazione di tecni- 
che e processi sempre piu sofisticati, ma comunque atti 
ad ottenere prodotti con caratteristiche ottirnali. 
Sia che l'applicazione awenga nel campo degli utensih, 
sia che awenga nel campo delle alte temperature, il par- 
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ticolare in carburo fornisce prestazioni che dipendono 
prindpalmente dalle sue caratteristiche strutturali. Infat- 
ti, trattandosi di sinterizzati, la loro qualita e tanto miglio- 
re quanto piu elevata e la loro densita e quanto piu omo 
genea e fine e la loro granulometria . 
Partendo da questo presupposto si e voluto sviluppare 
vino studio applicativo di processi di preparazione di pol- 
veri ultrafini per la fabbricazione del Carburo di Tungste- 
no. 

1. PROCESSI DI FABBRICAZIONE DEL CARBURO DI 
TUNGSTENO 

La fabbricazione del Carburo di Tungsteno awiene nella 
maggior parte dei casi partendo da minerali o composti di 
W e trasformandoli in WO3. 

Successivamente si effettua una riduzione in forno a W 

metallico e si conclude il processo con il trattamento di 

carburazione in atmosfera riducente (2 -3) 

Tale processo, perd, richiede piu fasi successive, che lo 

rendono relativamente complesso e lungo. 

Una semplificazione pud awenire introducendo, nella 

fase di preparazione, tecniche di disidratazione e di essic- 

camento dei prodotti di partenza, che recentemente han- 

no avuto larga applicazione nel campo dei material! cera- 

mici e refrattari: l'atomizzazione e la liofilizzazione (4 -5 

-6-7). 

Inoltre si puo f acilitare e rendere piu rapido il processo 
effettuando un unico trattamento di riduzione, detto 
''Carbotermica", della miscela anidride tungstica- 
carbonio (3-7). 

Nel corso del lavoro di seguito descritto sonostati esami- 
nati i prodotti parziali e finali ottenuti introducendo que- 
ste tecniche di fabbricazione, con un accurato controll 
delle caratteristiche chimico-fisiche del Carburo di Tung- 
steno ottenuto. 

2. PARTE SPERIMENTALE 
2.1 Ottenimento miscela WO3/C 

L'approccio iniziale del proc^dimento e quello di realiz- 
zare la miscelazione WO3 + Cgia nella prima fase del 
processo. 



reazione generate (3): 



W0 3 + 4C 



1400°- 1600° 
H 2 



WG + 3 CO 



(a) 



la proporzione stechiometrica Metatungstato/grafHe e da- 
ta da: 

[ (NH^OJa X 12 W0 3 X 52H 2 0 - 12 W0 3 - 48 C 
2JZ Essiccazione 

La miscela cosi ottenuta e stata suddivisa ed essiccata me- 
diante due differenti metodi: 

a) Liofilizzazione 

b) Atomizzazione. 

Inoltre, per confronto, una terza parte e stata essiccata 
mediante evaporazione dell'acqua e dell'ammonio in stu- 
fa a 150°C. 

a) liofilizzazione 

D processo di liofilizzazione della miscela soluzione meta- 
tungstato di ammonio/sospensione grafite colloidale e 
stato condotto impiegando i parametri riportati in tab. 2. 
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Tab. 1 - Caratteristiche chimico-fisiche dei prodotti di partenza per 
la fabbricazione del carburo di tungsteno 



A questo scopo sono stati scelti come prodotti di partenza 
una soluzione di metarungstato di ammonio ed una so 
spensione di grafite colloidale, le cui caratteristiche di 
partenza sono rappresentate nella tab. 1. Queste sostanze 
sonostate mescolate inproporzione di 48 parti di grafite 
per ogni parte di metarungstato di ammonio, poiche dalla 



Tab. 2 - Parametri di essiccamento della miscela metarungstato di 
ammonio/grafite 

j 

La scelta dei parametri, in relazione ai principi pratici : 
della liofilizzazione, e subordinata anche alle caratteristi- ' 
che tecniche ed ai limiti dell'apparecchio usato. II rapido • 
raffreddamento mediante ixiiezione in N 2 liquido della so- 
luzione favorisce il manteriimento nella massa congelata : 
della medesima concentrazione che si ha in fase liquida. 1 
In relazione ai limiti di cui sopra del nostro apparecchio . 
la temperatura di sublimazione di + 30 °C realizza, con b 
temperatura di congelamento di - 25°C, uno sbalzo ter- / 
mico di 55°C che assicura un rapido (6 ore) ed efficace es- ■'■ 
siccamento del prodotto (il vuoto sale infatti a 1.10" 3 - 
Torr r ). i 

I parametri soprariportati sono emersi da precedenti 
esperienze condotte con sbalzi termici minori che non : 
porta vano il processo a completamento (fase di sublima- 
zione) ma s'arrestavano alia fusione. 

II prodotto ottenuto si presenta come una polvere molto 
fine, ma soprattutto molto omogenea nella dimensione 
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a)0 = 10p 

- . . 




Wit ^f 1 *** 0 116116 111130616 di polveri Metatungstato 
^^^e^Sx) 1 ^ 0 ^ 31 Li0fUi2Zazi0ne b > Atomizzazione c) 

^ulometrica che e mediamente di 10„ (La fig. la rap- 
^enta 1'aspetto delia polvere dopo essiccamento per 
j lofi £zzazione). 

mi scelazione risulta essere molto intima e non si os- 



servano sedimentazioni ne di grafite, ne di metatungstato 
di ammonio. 

b) Atomizzazione 

II processo e stato ottiiriizzato riguardo al sistema meta- 
tungstato di ammonio/grafite al fine di ottenere le se- 
guenti caratteristiche delle polveri: 

- forma dei granuli sferoidale 

- dimensione dei granuli, la piu piccola possibile 

- essiccamento il piu rapido possibile. 
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Tab. 3 - Fasi e composti presenti nelle polveri di Carburo di 
Tungsteno rilevati mediante diffrattometria RX. 

Le condizioni ottirnali risultanti sono riportate in tab 2 
Infatti, come evidenziato dalla fig. lb, si ottiene una pol- 
vere a granvilometria molto fine (0 - 10,) analoga alia 
polvere liofihzzata, ma con una spiccata forma sferoidale 
L aspetto, infine, delta polvere essiccata in stufa a 150°C 
presenta notevole disomogeneita nella forma e soprattut- 
to nella dimensione dei granuli (0 = 30 M ; fig lc) 
Riassumendo quindi si pud affermare chesia la liofilizza- 
zione che l'atomizzazione sono process! in grado di dare 
una polvere a granulometria molto fine ed omogenea ma 
soprattutto permettono di realizzare una mtimita di'mi- 
scelazione irrealizzabile con altri processi di essiccamen- 
to. 

Inoltre ratomizzazione e in grado di produrre una polve- 
re con caratteristiche di sf ericdta che la rendono piu adat- 
ta alia sinterizzazione. 



2.3 Sintesi del Carburo di Tungsteno 

Si tratta di una reazione di riduzione carbotermica che 
awiene in forno, in crogiolo di grafite, di ossido di zirco- 
mo o anche auumina fra 1400° e 1600°C in ambiente ri- 
ducente per presenza di H 2 oppure CO. La presenza di 
questi gas e opzionale a seconda che si voglia ottenere un 
prodotto piu polverulento oppure piu comparto. Questa 
reazione presenta il vantaggio di riassumere in un solo 
processo quelle che di solito sono le 2 fasi attraverso le 
quali si passa e doe una iniziale riduzione del WO3 a 
tungsteno metallico seguita dalla carburazione di 
quest'ultimo. 

La fase di riduzione a tungsteno metallico inizia verso i 
650°C ed e totale verso i 1400°C secondo la reazione oar- 
ziale (3) 



W0 3 + 3C-W + 3CO 



(b) 
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Successivamente si ha la sintesi del Carburo con la rea- 
zione: 

W + C - WC (c) 
che conclude il processo. 

Va osservato che il processo di carburazione da come 
prodotto primario il monocarburo WC, come Pirani e 
Sandor hanno dimostrato, ma nella maggioranza dei casi 
e presente anche remi carburo W 2 C. (1) 

2.3.1 Riduzione carbotermica 

Le miscele essiccate per atomizzazione, Hofilizzazione ed 
evaporazione sono state sottoposte al trattamento di sin- 
tesi per l'otteiiimento del carburo di tungsteno. 
Basandosi sulla reazione f ondamentale (a) e stato allestito 
un programma di prove tale da coprire rintervallo di 
temperatura tra 14(M) e 1600°C di 50 in 50°C e per tempi 
di 1 h e 5 h alio scopo di individuare, interpretando i ri- 
sultati, le condizkmi di trattamento piu idonee all'otteni- 
mento di un WC ad alto titolo e di granulometria fine. 
I processi sono stati condotti in un forno tipo Brew 424 C 
deila General Engineering a resistori di tungsteno a rete 
intrecciata per trattamenti ad alte temperature (sino a 
2800°C), in atmosfera riducente. 

3. CARATTERIZZAZIONE PRODOTTO FINALE 

Sui prodotti finali ottenuti sono state condotte caratteriz- 
zazioni chimico-fisiche per poter valutare le differenze 
esistenti tra i vari metodi di preparazione. 
Le caratterizzazioni sono state; 

a) Analisi chirnica 

b) Analisi strutturale. 

a) Analisi chirnica 

In figura 2 e riportato il grafico dell'andamento del titolo 
in WC contenuto nelle polveri in funzione del trattamen- 
to termico di sintesi. 

DaU'esame di questo grafico si pud dedurre quant o se- 
gue: 




TEMPERATURA. X 



Fig. 2 - Andamento del titolo in WC in funzione del trattamento 
termico dfi sintesi 



- L' essiccamento per liofilizzazione permette di ottenere, 
a qua! si a si termperatura il titolo piu elevato fino a rag- 
giungere a 1550 e 1600°C il valore massimo del 98%. 

- In tutte le curve si rileva un netto aumento dei vadori in 
prossirnita dei 1500°C che ci fa individuare in questo in- 
torno la temperatura rriinima ottirnale. 

D prolungamento nella durata del trattamento favorisce 
rincremento del titolo in WC. 

- L' essiccazione per normale evaporazione porta Ln ogni 
caso a valori di contenuto in WC piu bassi. 




Fig. 3 - Aspetto micrografico delle polveri di carburo di tungsteno 
sintetizzate a 1600°C per 5 ore in H 2 : a) Liofilizzate b) Atomizzate c| 
Evaporate (5000 x) 
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D ) Analisi strutturale 

L'evoluzione strutturale delle polveri di Carburo di Tung- 
steno in funzione del tipo di essiccamento delle polveri di 
partenza e del trattamento termico di sintesi e stata segui- 
ta mediante diffrattometria a Raggi X (diffrattometro Phi- 
lips PM 1310) e mediante micr oscopia ottica ed elettroni- 
ca. 

I composti e le fasi cristalline presenti nelle polveri otte- 
nute sono riportate in tab. 3. Esaminando i dati riportati 
a nota la presenza in alcuni campioni dell ' emi carburo di 
tungsteno (W 2 C); in particolare a bassa temperatura e ne- 
gli evaporati normalrnente, la presenza di questo compo- 
sto, che e da considerarsi negativa a causa di una sua mi- 
nore resist enza agli acidi rispetto al WQ appare sensibile. 
I campioni atomizzati e liofilizzati risultano ancora quali- 
tativamente i migliori, in particolare dopo il trattamento 
a 1600°C: infatti sono praticamente costituiti solo da WC. 
Le microscopie elettroniche riportate in fig. 3 conferma- 
no la qualita superiore delle polveri atomizzate e liofiliz- 
zate rispetto a quelle evaporate normalrnente. 
Queste micrografie rappresentano le polveri ottenute con 
il trattamento a 1600°C per 5 ore che ha dato in tutti e tre 
i casi il titolo piu elevato in Carburo di Tungsteno. 
Risulta evidente come la polvere liofilizzata (fig. 3a), oltre 
ad avere il titolo piu alto in assoluto, appare totalmente 
monofasica, senza cioe W 2 C e carbonio grafitico; car- 
bonio che e presente invece in tracce nelTatomizzata 
(fig. 3b) e in larga misura nella evaporata normalrnente 
(fig- 3c). 

In fig. 4 inline sono riportate le microscopie ottiche 
delle stesse polveri, dove e possibile rilevarne le granu- 
Iometria media. 

La granulometria media della polvere di WC ottenuta 
per evaporazione normale appare nettamente maggio- 
re di quelle ottenute per atomizzazione e liofilizzazio- 
ne; infatti il grano medio e dell'ordine di 2,5 + 3 M che e 
granulometria di tipo comrnerciale (fig. 4c), mentre le 
altre due hanno una dimensione media^dell'ordine di 
1„ con numerose punte al di sotto del micron (fig. 4a e 
4b). 

Risulta quindi evidente, sotto tutti gli aspetti, che l'in- 
troduzione, di tecniche di essiccamento come la liofi- 
lizzazione e V atomizzazione favorisce l'ottenimento di 
un prodotto quahtativamente superiore. Questo awie- 
ne soprattutto perche, potendo impiegare soluzioni o 
sospensioni dei prodotti di partenza, si realizza una mi- 
scelazione talniente intima ed omogenea da rendere 
macroscopici i vantaggi che se ne possono trarre. 

4. CONCLUSIONI 

In base ai risultati delle caratterizzazioni sopraeff ettua- 
te e possibile concludere: 

- L'essiccamento per atomizzazione e liofilizzazione e 
particolarmente indicato per questo tipo di preparazio- 
ne in quanto impiegando soluzioni o sospensioni e pos- 
sibile realizzare una miscelazione dei prodotti di par- 
tenza eccellente. 

- La reazione di sintesi del Carburo di Tungsteno pud 
essere effettuata con un unico trattamento termico, 
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b) 0 S3 0,5 -r 1 




c) 0 = 2,5 3m 

Fig. 4 - Dimensione media dei granuli delle polveri di Carburo di 
Tungsteno sintetizzato a 1600°C per 5 h in H 2 : a) Liofilizzata b) 
Atomizzata c) Evaporata (1000 x) 

che a partire da 1500°C e per tempi di alcune ore (5) 
permette di ottenere titoli in Carburo fino al 98%. 

- L'essiccamento per atomizzazione e liofilizzazione in- 
fine, permette di ottenere polveri di Carburo di Tung- 
steno a granulometria piu fine (diametro + medio 1„) e 
piu omegenea delle polveri che si possono ottenere con 
altri metodi di essiccamento. 
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- H prodotto ottenibile con queste tecniche di prepara- 
zione quindi, presenta caratteristiche chimico-fisiche 
tali da renderlo specialmente adatto alia realizzazone 
di particolari sinterizzati in Carburo di Tungsteno di 
qualita superiore. 
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